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Abstract 
 
During the last century various species of pinyon pine and juniper woodlands 
have been experiencing increased stand densities.  This increase poses a challenge to land 
managers to reduce fuel loads preventing catastrophic fire risk, while maintaining long-
term sustainability of these woodlands to meet their multi-resource objectives.  The goal 
of this comparative study is to examine the effects of common fuel reduction treatments 
currently employed by the Utah BLM on soil nutrients availability. Prescribed fire, pile 
burn, and mastication treatments were used to reduce above ground biomass. 
Ammonium (NH4
+
), nitrate (NO3
-
), and phosphate (PO4
3-
) were quantified 
immediately before and throughout a 20-month period after treatment. Results for NH4
+
 
and NO3
-
 indicate that the use of fire created the biggest pulse(s) of nitrogen among 
treatments (prescribed fire 39x and pile burn 13x the control).  Although treatments did 
not differ in their PO4
3-
 concentrations, all treatments increased the availability of 
phosphate from pretreatment concentrations.  These results will help land managers 
identify the appropriate treatment to not only reduce fire risk, but also achieve long-term 
restoration goals by determining soil nutrient constraints of fuel reduction treatments. 
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Introduction 
  
Various species of pinyon pine (e.g., Pinus edulis and P. monophylla) and juniper 
(e.g., Juniperus monosperma, J. osteosperma, and J. occidentalis) trees dominate many 
regions of the American Southwest (Figure. 1
1
).  These woodlands cover approximately 
35 percent of the Colorado Plateau and are the largest vegetation type managed by the 
Bureau of Land Management (BLM). This ecosystem, representing the third most 
extensive vegetation type in the continental United 
States, is a main focus of federal land management 
programs because of the valuable ecosystem services it 
offers (Floyd et al, 2003, Ross 2012).  Pinyon-Juniper (P-
J) ecosystems provide watershed services, fuel, 
agricultural, and recreational resources, as well as harbor 
high biodiversity in the many species of plants, animals, and other organisms that inhabit 
these woodlands.  These valuable ecosystem services are one reason why P-J ecosystems 
remain a major focus for land management (Romme et al., 2009). 
Pinyon- Juniper Woodland Expansion 
 Prior to Euro-American settlement, fires were the primary source of disturbance 
in this ecosystem.  Fires were closely related to the interactions of topography, soils, 
environmental conditions, and vegetation composition.  These communities contained a 
mix of fuel types and fuel loads that determined fire patterns and behaviors resulting in 
                                                     
1 PJ Woodlands Distribution. 2007. Retrieved March, 4, 2014. From  
http://perceval.bio.nau.edu/mpcer_old/pjwin/ 
Figure 1. Pinyon-juniper woodland distribution  
2 
 
 
 
fire return intervals of approximately 400 years for this system (Floyd et al., 2008).  
Important interactions among canopy fuel structure, understory fuel, and fire, influence 
the intensity of fires.  Surface fuel loading or the culmination of the total biomass of 
trees, shrubs and other vegetation as well as the litter they produce has changed over the 
last century. 
 Euro-American settlement has changed the composition of this ecosystem, thus 
altering the fire patterns.  Grazing in the late 1800's and early 1900's had reduced the 
amount of fine fuels and herbaceous cover, reducing the fire frequency. The onset of 
grazing in the late 1800’s and the start of woodland expansion suggests a cause-effect 
relationship (Romme et al., 2009).  Woodland expansion has led to dense woodland 
encroachment (Miller et al. 2000) and increased the fuel loading in other P-J systems.  
This alteration has moved fuel loads from the ground to the crown (over-story), which 
creates more catastrophic fires (Aber 2001).    
Past Management Strategies 
 In an ecological sense, fire functions as both a renewing force and as a means of 
recycling biomass.  In semi-arid systems, biomass accumulation rates exceed the normal 
rates of natural decomposition.  Although fires stabilize the plant vegetation cycle, the 
frequency of this disturbance type has change throughout time. 
 Management strategies over the past century of fire suppression and heavy 
livestock grazing have led to increased stand densities, thus increasing fire risk (Romme 
et al., 2009).  Fires pose a threat to human life and property.  As a result, many resources 
and management strategies are currently dedicated to fire suppression.  These suppression 
techniques have disrupted natural fire regimes.  The removal of fire has slowed or curved 
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the natural succession process.  Fire suppression has reduced the amount of fires, but the 
fires occurring now are larger, hotter, and more destructive.  Interruption of ecological 
processes such as fire may have led to the existing condition of extensive high-density P-
J woodlands (Brockway et. al., 2002).  Since the 1950s, the BLM has employed a variety 
of tree removal treatments on the Colorado Plateau with a long-term goal of ecosystems 
restoration while mitigating fire risk and enhancing forage availability (Redmond et al., 
2013).  New management strategies need to account for the increased fuel load due to 
woodland expansion on bordering grasslands and increasing stand densities.   
Managing Fuel Loads 
 The goals of new management strategies are to reduce fuel loads in high density 
stands, maintain ecosystem services, accomplish multi-resource objectives, and maintain 
health and sustainability of stands. In response to widespread forest fires in 2002, The 
Healthy Forest Restoration Act of 2003 was designed to provide funding and guidance to 
reduce the risk of catastrophic wildland fire and eliminate hazardous fuels on federal 
lands (HFRA 2003).  Specifically, it enables land management agencies to employ the 
use of prescribed fire and mechanical methods to accomplish hazardous-fuel reduction 
and vegetation-restoration projects on Federal Lands (USFS Field Guide 2004).    
 This study focuses on fuel reduction treatments currently used by the BLM on 
pinyon-juniper woodlands located in the intermountain west, specifically southeastern 
Utah. The goal of this study is to help better understand the effects of several fuel 
reduction treatments currently used by the BLM on soil nutrients.    
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Pinyon-Juniper Soil Nutrients   
 Pinyon-juniper woodlands display a mosaic pattern of nutrient distribution and cycle 
nutrients both horizontally and vertically through the soil system.  Tree roots expand into 
the interspace soil between canopies and deep into the soil profile where they take up 
nutrients and incorporate them into biomass.  As a result, nutrients in P-J woodlands tend 
to be clustered around vegetation while the surrounding exposed soils are depleted of 
nutrients (Brockway et al. 2001, Covington and Debano1990, Klopatek 1987).  The 
majority of nutrients absorbed from the interspaces and depths are deposited on the soil 
surface under the canopies during litter deposition.  They are then cycled throughout the 
system during subsequent decomposition.   
 Vegetation reduction or removal will not only reduce nutrient uptake, but also 
remove the source of litter to keep these nutrients cycling throughout the soil solution. 
Nutrients such as ammonium (NH4
+
), nitrate (NO3
-
), and phosphate (PO4
3-
) have been 
shown to be limiting nutrients for a wide variety of forest and woodland types, and this 
review will focus on these elements.    
Fuel Reduction Treatment Effects on Soil Nutrients 
Prescribed Fire 
 Fire or pyrolysis is a thermochemical decomposition of organic material at 
elevated temperatures without the presence of oxygen.  Prescribed (or controlled burn) is 
a common management technique to reduce fuel loads.  Fire has been commonly 
suggested as a mechanism for reducing fuel loads, slowing pinyon expansion, and 
preventing catastrophic wildfire (Rau 2008, Chief et al., 2012). 
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Burning organic matter has some fairly complex effects on soil structure and 
nutrient availability (Aber 2001, Neary et al. 1999).  Burning of above ground vegetation 
has resulted in an immediate increase in surface soil (0-3cm) nitrogen (NH4
+
) through the 
volatilization and mineralization of nutrients stored in organic matter (Covington and 
DeBano 1990, Rau et al. 2009, Stubbs and Puke 2005).  Immediate release of ammonium 
from organic matter occurs during burning and decomposition of incompletely consumed 
above and below ground biomass. Other immediate effects on the nitrogen cycle are 
increases in NO3
-
.  As ammonium becomes available within the soil, it is then nitrified 
into nitrate or volatized into ammonia.  In addition to nitrogen, fire has also been shown 
to elevate phosphorus levels (Hatten et al. 2012, DeBano and Klopatek 1988).     
 Fire may also change the rates of nutrient mobilization due to changes in 
microclimate associated with moisture, temperature, and wind deposition of nutrient rich 
ash.  Nutrient rich ash materials remaining after a fire can be redistributed by wind or be 
removed by convection in a smoke column during burning, thus enhancing the 
distribution of soil resources from vegetation islands to interspaces (Ravi et al. 2009, 
Neary et. al 1999).  
 Removal of surface organic horizons and the leaching or redistribution of 
nutrients throughout the soil profile will tend to result in a more even and deeper 
distribution of fine roots throughout the soil profile (Aber 2001).  This in turn affects 
deposition of root litter, causing a more even distribution of organic matter and future 
nutrient mineralization.   
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Pile and Broadcast Burns 
 Pile or slash pile burning is another viable option for land managers to reduce 
fuels.  Hand thinning forests, placing the debris in piles, and burning debris can influence 
soil nutrient availability, however these impacts are spatially heterogeneous.  Temporal 
analysis of soil nitrogen associated with slash pile burning in P-J woodlands has shown 
immediate increases of soil ammonium and phosphate within the burn scars (Johnson 
B.G. et al. 2011, Covington 2001).  There was no immediate effect on nitrate 
concentrations.  However, one year after burning, nitrate concentrations were 20 times 
higher where slash piles had been burned due to increased nitrification of available NH4
+
.  
These elevated levels were most likely caused by the pyrolysis of litter and surface 
organic matter that immediately mineralizes ammonium similar to that of broadcast or 
prescribed burn, but localized concentrations to burn scars.   
 Other changes associated with pile burning are found in the alteration of 
microclimate within the burn scars.  The dark color associated with ash piles contributes 
to higher soil temperatures and lower soil moisture impacting decomposition rates (Owen 
et al 2009). 
Mastication 
Mechanical fuel reduction treatments have been substituted for fire as a means to 
reduce forest biomass.  Mastication involves shredding biomass into wood chips or 
mulch that are then distributed across the treated area.  The use of mechanical mastication 
has shown to have little effect on soil nitrogen availability (Miller and Seastedt 2009, 
Rhoades et al., 2012). Gradual decay of litter permits slower release of nutrients and 
inhibits the loss of nitrogen from the system (Brockway et al. 2002).  Gradual decay 
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enables mulch or wood chips to act as source material for nutrients lost elsewhere on the 
landscape.   
Dispersing mulch across the landscape not only relocates organic matter available 
for decomposition, but also alters the microclimate of interspace soils.  Research has 
shown that mulch applications increase soil moisture, reduce soil temperatures after 
application, and protect exposed soils from erosion (Cline et al. 2010, Rhoades et al. 
2012, Young et al. 2013).  The dispersal of woodchips increases soil moisture and lowers 
soil temperatures as a result of reduced radiant heat and evaporation due to the presence 
of woody debris (Brockway et al., 2002).    
Research Goals 
 The uses of both fire and mechanical treatments have shown to be effective in 
reducing above ground biomass.  Although previous studies have investigated the effects 
of fuel reduction techniques on soil nutrients, the methods currently employed by the 
Utah BLM have not been assessed and compared simultaneously.  Furthermore there is 
an insufficient number of studies that have examined fuel reduction techniques within the 
Colorado Plateau.   The overall objective of this comparative study is to examine the 
effects of several fuel reduction techniques on soil nutrients currently used by the Utah 
BLM to reduce fuel loads in P-J woodlands of the Colorado Plateau.  This insight will 
help land managers determine the effectiveness of each treatment at making nutrients 
available to subsequent plant community regeneration.  In this study pre and post 
treatment levels of ammonium, nitrate, and phosphorus were compared between the 
application of mastication, pile burn, broadcast burn, and control of 4 different plots in 
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southeastern Utah.  These comparisons were conducted in the summer before each 
treatment and the subsequent growing season(s) on these treated plots.  The main 
hypotheses tested were: 1) All treatments increase soil nutrient availability; 2) Treatments 
incorporating prescribed fire will have higher levels of nutrient availability to subsequent 
growing seasons.
  
Methods 
Site Selection    
Wray Mesa (38°17’18.13”N, 109°06’40.19” W),  is located east of LaSal, Utah 
near the Colorado border at an elevation of approximately 2333 m. Soils in Wray Mesa 
are a mix of Bond-Rizno fine sandy loams (3 to 15% 
percent slopes) and Ustic Torriothents-Ustollic 
Haplargids complex (10-60% percent slopes).  These 
ecological sites are characterized by annual precipitation 
of 30-38cm and mean annual temperatures 8 to 11 
degrees Celsius (Web Soil Survey 2014).   
Wray Mesa was divided into four treatment 
plots.  Each treatment plot was then subdivided into two 
sections, seeded and unseeded plots.  Within these sub 
plots, ten 30 meter transects were randomly dispersed 
across the landscape (Figure 2
2
). 
                                                     
2 Wray Mesa Treatment Map courtesy of Miranda Redmond, PhD Candidate, University of Colorado, Dept. of Ecology and 
Evolutionary Biology 
Image 3 
Figure 2.  Wray Mesa Treatment plot polygons and transects  
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Treatments 
Land managers from the Utah BLM used three different treatments to reduce fuel 
loads and thin P-J woodlands at Wray Mesa which differ in the severity and type of soil 
disturbance.  The three treatments applied to Wray Mesa were: 1) mechanical mastication 
(bullhog); 2) hand pile and burn (pile burn); and 3) lop and scatter followed by a 
broadcast burn.  Untreated control sites were used at both sites in adjacent plots.    
The mastication treatment (mulch) was used to remove surface vegetation.  
Mechanical wood choppers (Tigercat feller buncher with attached Fecon brush cutter) 
cleared pinyon and juniper trees at ground level and thinned tree canopies.  A Bullhog 
wood mulcher shredded all woody material, which was then heterogeneously dispersed 
across the plot.  Mastication was applied to ~0.75km
2
 area at Wray Mesa.  The 
mastication sites were hand seeded before the mulched material was applied. 
Pile burn treatment consisted of tree removal via hand cutting and placing fallen 
trees and debris in 2 x 2 paraboloid shaped piles that were spaced approximately 2m apart 
and left to dry.  Trees were cut in July 2010 and burned in October of 2010.   
    Broadcast burn (Lop/Scatter and burn) involved field crews hand-cutting trees 
with chainsaws and dispersing them across the plots, and left to dry.  Trees were cut in 
July of 2010 and the entire plot was burned in October of 2010.  After both pile and 
broadcast burn treatments were complete, both sites were hand seeded by all-terrain 
vehicles.   
Seeding 
A seed mixture created and applied by the BLM (Moab, UT Field Office) was 
applied to all seeded plots.  This mixture was comprised of both native and exotic plant 
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species and was a typical mixture used by the Utah BLM.  The seed mix consisted of the 
following native species with their percentage concentrations: 1) 18% Sandberg bluegrass 
(Poa secunda J. Presl), 2) 15% Indian ricegrass (Achnatherum hymenoides (roem. & 
Schult) Barkworth), 3) 11% mountain big sage brush (Artemisia tridentate Nutt. Spp. 
Vaseyana (Rydb.) Beetle), 4) 11% western wheatgrass (Pascopyrum smithii (Rydb.) A. 
Löve), 5) 3% needle and thread (Hesperostipa comate (Trin. & Rupr.) Barkworth ssp. 
comata), 6) 2% winterfat (Krascheninnikovia lanata (Prush) A. Meeuse & Smit), and 7) 
1% antelope bitterbush (Pursha tridentata (Pursh) DC.).   
Nutrient Analysis  
To access soil surface availability of ammonium (NH4
+
), nitrate (NO3
-
), inorganic 
phosphorus (PO4
3+
),  an ion-exchange resin bag method was used to absorb soil cations 
and anions from all research sites.  Nitrate and Phosphate resin capsules consisted of 
anion exchange resins (Sigma Amberlite® MB-150 bed exchanger) enclosed in 
commercial nylon stockings.  To measure ammonium, capsules comprised of mixed 
resins (Supleco Amberlite IRA-400) were constructed using the same protocol.  Both 
anion and mixed resin capsules were deployed into the A horizon and buried at depth of 
5cm.  Capsules were placed at the 0 and 30 meter ends of every transect on each 
treatment plot.  Once the capsules had been deployed for the appropriate amount of time, 
they were collected, and new capsules were deployed.  Collected resin capsules were then 
frozen until extraction.  This process was repeated biannually from 2010 to 2012.   
To begin processing, the capsules were washed with deionized (DI-Thermo 
Scientific Barnstead Easy Pure II @ 18 MΩ-cm) water and placed into a 50ml acid 
washed centrifuge tube.  Anion resin exchange bags were eluted with 10ml of .05HCl 
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added to each centrifuge tube and then shaken using a Gyrotory Shaker (model G2) for 
one hour at 75 rpm.  The solution (extract #1) was then poured off into a separate labeled 
container and another 10ml of the .05HCl solution was added and then shaken in the 
same manner for one hour to produce extract #2. Both extracts were then poured back 
into the original centrifuge tube with the resin bag and refrigerated overnight. The next 
morning, the tubes were shaken for 1hour.  Mixed resins were processed the same as 
anion resin bags but the added solution was 2M KCl.  The 20ml extracts were gravity-
filtered through Whatman #1 paper filters and placed into labeled scint vials or Nalgene 
sample bottles. The samples were then analyzed immediately or frozen for later 
analysis.  After elution, all resin beads were dried, their contents emptied, and weighed. 
Three replicates of each standard ladder and sample were pipetted into sterile 96-
well microplates (Fisher #8-772-7) with appropriate reagents.  Seven low concentration 
standards ranging from 0-1ppm were used for NH4
+ 
and PO4
3+
.  Six high concentration 
standards from 0-10ppm were used for NO3
-
.  All calibration curves were made on the 
day samples were run.  After incubation, each plate was analyzed using a Biotek ELx800 
spectrophotometer with Gen5 software.  Linear regressions were used to calculate the 
concentrations of each sample based on their absorbance compared to those of the 
standards of each plate.  Samples with concentrations above the detection limit were 
diluted and reprocessed in the same manner.    
Statistical Analysis 
Treatment data were analyzed using a repeated measures analysis of variance 
(ANOVA) to test all nutrient concentrations by treatment, seeding, and time.  All 
statistical analyses of treatments at both sites were performed using “R” Statistical 
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Software (version 2.150.58871.0).  Outliers were removed from the study if their 
concentrations were greater than three standard deviations from the mean.    
Results 
 Analysis of the accumulation of NH4
+
, NO3
-
, and PO4
3-
 ions in buried resin bags 
revealed that treatment, time, and the interaction of treatment/time were significant 
factors influencing nutrient availability (Table 1).  Seeding did not have an effect on 
NH4
+
 and PO4
3-
 
concentrations and seeded 
and unseeded nutrient 
concentrations were pooled 
and analyzed together.  Seeding had a significant effect (p=0.028) on NO3
-
 concentrations 
across treatments.  Seeded and unseeded treatments were not combined and analyzed 
separately.   
NH4
+ 
 Analysis of NH4
+ 
(Figure 3)
 
indicated that treatment influenced the availability of 
ammonium in all plots.  Broadcast burn produced significantly higher amounts of NH4
+ 
compared to the other treatments six and nine months following treatment (p< 0.001 at 
both sampling dates).  Broadcast burn peaked at 0.39 umol/day nine months following 
treatment when concentration were ~39 times higher than the control and mastication 
treatments.  Comparing concentrations through time revealed that both treatments 
involving fire experienced increases six and nine months following treatment.  However,  
Nutrient 
Treatment 
Effect 
Time Effect Time/Treatment Effect 
NH4
+ p< 0.001 p< 0.001 p< 0.001 
NO3
- Seeded p< 0.001 p< 0.001 p< 0.001 
NO3
- Unseeded p< 0.001 p< 0.001 p< 0.001 
PO4
3- p= 0.2605 p = 0.0173 p= 0.0209 
Table 1. Significant Values for each nutrient with the effects of treatment, time, & treatment/time  
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only June of 2011 was significantly different (p< 0.001) from the other sampling dates. 
Interactions of time and treatment indicated that the June 2011/treatment contained 
significantly different concentrations of the ammonium ion. 
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 Accumulation of NO3
- 
(Figure 4) ions in seeded plot resin bags indicated that 
treatment, time, and the treatment/time interaction influenced the presence of nitrate.  
Treatments began to differ in nitrate following the six month post treatment collection 
date.  Pile burn peaked in June of 2011 at 0.01557 umol/day and began to decline for the 
remainder of study. Broadcast burn had increased following treatment and reached its 
peak concentration in November 2011 at 0.117 umol/day, followed by a decline.  Both 
mastication and control groups remained relatively similar throughout the study.  
Although time was a significant factor in overall nutrient concentrations, all four 
treatments remained relatively similar during the first six months following treatment.  
The interaction of broadcast burn during November 2011 was significantly different 
 (p< 0.001) from the other treatments and time periods.  All seeded treatments 
experienced an overall increase in nitrate concentrations during the observed time period.  
Unseeded treatments (Figure 5) experienced increases in NO3
- 
during the first 6 
months following treatment, with the exception of mastication.  Control, broadcast burn, 
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and pile burn experienced large increases in ammonium from six months to nine months 
after treatment when they reached their peak concentrations.  Both fire treatments were 
significantly different from the others during their peak concentrations nine months after 
treatment: broadcast burn (p=0.00131) at a rate of 0.0668 umol/day and pile burn 
(p=0.02868) at a rate of 0.0415 umol/day.  After reaching their maximum concentrations, 
both fire treatments declined in concentration to similar levels 13 months after treatment, 
broadcast burn: 0.0163 umol/day, pile burn: 0.0134 umol/day.   In contrast, mastication 
continued to decline to the lowest concentration of all treatments nine months post 
treatment to a rate of 0.0027 umol/day; however this concentration is not significantly 
different from the control.  This treatment reached its peak concentration 
(0.0313umol/day) before experiencing a slight decline until the end of the study.  Overall 
NO3
-
 treatment concentrations increased in unseeded plots compared to the control.  
PO4
3- 
 Analysis of PO4
3-
 concentrations (Figure 6) showed that there was not an overall 
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significant treatment effect.  Phosphate levels were significantly different through time 
(p= 0.0173) and differed through the interaction of time/treatment (p=0.02097).  
November 2011 concentrations indicate this time point experienced a significant 
difference (p=0.003) in phosphate concentrations compared to the other collection dates.  
During this collection date, concentrations in both pile burn and control were 
significantly different from the others (Control: p=0.02668, Pile Burn: p=0.00343).   All 
treated plots had similar increases in concentrations during the first six months.  During 
March 2011 all treatments began to diverge in phosphate levels.  All treatments, with the 
exception, of pile burn experienced an overall increase in phosphate through the duration 
of the study.   
Discussion 
Nutrient Response to Treatment 
Treatments incorporating the use of fire have resulted in increases of all three 
nutrients studied, as observed in other semiarid systems (Rau et al. 2008, Covington et al. 
1991).  The highest concentrations of NH4
+
 were found in both broadcast and pile burn 
treatments.  Large spikes in NH4
+
 in fire treatments are found nine months following 
application.  Broadcast burn produced the highest levels of ammonium, but this 
availability was not seen until 13 months following treatment.    The use of fire produced 
the biggest increases in soil NH4
+
 (broadcast burn ~39 x controls, pile burn ~ 13 x 
control).  Immediate effects on ammonium were succeeded by lag time in the abundance 
of nitrate.  These results are consistent with other studies where fire has shown to 
increase soil surface ammonium 20x and nitrate concentrations following a latency 
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period.   The immediate release and availability of NH4
+ 
occurs from the decomposition 
by soil microbes of incompletely consumed biomass (Rau 2008).  Subsequent decline in 
NH4
+ 
were likely attributed to the uptake of establishing vegetation and nitrification.     
Levels of NO3
- 
in seeded plots experienced minimal ion absorption 6 months 
following treatment.  Pile burn was the first treatment to reach its maximum NO3
- 
concentration as followed by a decline.  Although this latency period is consistent with 
other studies, these treatments did not experience an initial decline in concentration found 
in other studies (Covington 1990).  Other research has shown an initial decline in NO3
-
 
due to the volatile nature of this ion at temperatures around 200
0
C (Rau et al. 2007).  
Although exact fire temperatures are unknown in this study, no significant increases were 
found until 13 months following treatment.  Several factors may be contributing to this 
latency period.  Microbial immobilization of NH4
+
 reducing nitrification and vegetation 
uptake with seedling establishment can reduce NO3
-
concentrations.  
Unseeded NO3
- 
plots experienced a similar but shorter dormancy period before 
increases in NO3
-
 ions were seen. All treatments except mastication reached their 
maximum concentrations nine months following treatment followed by declines.  
However, 13 months following treatment, both fire treatments experienced increases in 
NO3
-
 for the remainder of the study.  This data is consistent with other studies where 
elevated levels of NO3
-
 remained in the soil profile (Rau et al. 2007).  Although this trend 
has not been well documented, this prolonged availability of NO3
-
 could be attributed to 
the arid nature of this environment.  Without moisture and precipitation for leaching, 
highly mobile NO3
-
 will remain in the soil profile until denitrified or taken up by 
vegetation.   
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 Although fire treatments produced the highest nitrogen levels, they had a smaller 
effect on PO4
3-
 compared to the mastication treatment.  Both broadcast and pile burn 
treatments peaked earlier with lower concentrations compared to mastication. Mastication 
produced that highest amounts of  PO4
3-
 (.0297 umol/day) compared to broadcast burn 
(.016325 umol/day).  This finding is consistent with other studies, as the most readily 
form of P available to plants is found in the litter (Neary et al. 1999).  Combustion of 
litter resulted in ~54 percent less phosphate in the soil solution.  This loss of PO4
3-
 is 
somewhat consistent with other studies where ~30 to 50% of total P contained in litter 
was lost in the system through scattering and burning of litter.  (Debano & Klopatek 
1988, Johnson D.W et al. 2014).   
Management Implications 
Fuel reduction treatments are an effective way to reduce fuel loads in pinyon-
juniper woodlands, however this study demonstrated that soil nutrient availability differs 
among treatments currently used by the Utah BLM.  Nutrient availability is a major 
component to restoring vegetation following fuel reduction.  This information enables 
land managers to make more accurate treatment decisions.  Although nutrient availability 
differs across treatments, this study indicates prescribed fire enhances nitrogen and 
phosphorus in pinyon-juniper woodlands.  Enhanced nitrogen availability is imperative to 
vegetation establishment in a nitrogen-limited system.    
Conclusions  
 Although this data in only applicable to this study site, it suggests implications for 
nitrogen and phosphorus cycling in fuel reduction treatments.  In support of the first 
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hypothesis, current treatments used by the BLM produced an overall increase in the 
nutrients studied compared to their respective pre-treatment levels.  In support of the 
second hypothesis, treatments incorporating prescribed fire produced the greatest pulses 
of nutrient availability.  Further research is needed to help identify other impacts 
associated with these treatments such as changes in microclimate, erosion potential, and 
vegetation response to increased nutrient availability.  Incorporating these variables into a 
comprehensive study will provide land managers with more accurate information to 
achieve their long term multi-resource objectives. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
20 
 
 
 
References 
Aber, John D., and Jerry M. Melillo. Terrestrial Ecosystems. 2nd ed. San Diego: 
Harcourt Academic Press, 2001. Print.  
Agee, JK, and CN Skinner. "Basic Principles of Forest Fuel Reduction Treatments." 
Forest Ecology and Management 211.1-2 (2005): 83-96. Print.  
Badia, David, et al. "Erodibility and Hydrology of Arid Burned Soils: Soil Type and 
Revegetation Effects." Arid Land Research and Management 22.4 (2008): 286-95. 
Print.  
Brockway, DG, RG Gatewood, and RB Paris. "Restoring Grassland Savannas from 
Degraded Pinyon-Juniper Woodlands: Effects of Mechanical Overstory Reduction 
and Slash Treatment Alternatives." Journal of environmental management 64.2 
(2002): 179-97. Print.  
Chief, Karletta, Michael H. Young, and David S. Shafer. "Changes in Soil Structure and 
Hydraulic Properties in a Wooded-Shrubland Ecosystem Following a Prescribed 
Fire." Soil Science Society of America Journal 76.6 (2012): 1965-77. Print.  
Christensen, H.H. "The Interaction of Phosphate with an Anion-Exchange Resin." 
Journal of Soil Science 31.3 (1980): 447-55. Print.  
Cline, Nathan L., et al. "Hydrologic Response to Mechanical Shredding in a Juniper 
Woodland." Rangeland Ecology & Management 63.4 (2010): 467-77. Print.  
Cooperband, LR. "Refinement of the Anion Exchange Membrane Method for Soluble 
Phosphorus Measurement." Soil Science Society of America Journal 63.1 (1999): 58-
64. Print.  
Covington, W.W., L.F. DeBano, and T.G. Huntsberger. "Soil-Nitrogen Changes 
Associated with Slash Pile Burning in Pinyon-Juniper Woodlands." Forest Science 
37.1 (1991): 347-55. Print.  
Covington, W.W., and L.F DeBano. "Effects of Fire on Pinyon-Juniper Soils." Effects of 
Fire Management of Southwestern Natural Resources 191 (1990): 78-86. Print.  
DeBano, L.F., and J.M. Klopatek. "Phosphorus Dynamics of Pinyon-Juniper Soils 
Following Simulated Burning." Soil Science Society of America Journal 52.1 (1988): 
271-7. Print.  
“Environmental Analysis Requirements for HFI and HFRA Projects." Healthy Forests 
Initiative and Healthy Forests Restoration Act, Interim Field Guide. Forest Service 
Technology and Devlopment Program, n.d. Web. 14 Apr. 2014. 
21 
 
 
 
Evangelista, P., et al. "Vegetation Response to Fire and Postburn Seeding Treatments in 
Juniper Woodlands of the Grand Staircase-Escalante National Monument, Utah." 
Western North American Naturalist 64.3 (2004): 293-305. Print.  
Evans, Raymond A., and Intermountain Research Station. Management of Pinyon-
Juniper Woodlands. 249 Vol. Ogden, UT: U.S. Dept. of Agriculture, Forest Service, 
Intermountain Research Station, 1988. Print. General Technical Report INT .  
Fenn, Mark E., et al. "Nitrogen Emissions, Deposition, and Monitoring in the Western 
United States." Bioscience 53.4 (2003): 397. Print.  
Floyd, M. Lisa, et al. "Fire History of Pi(n)Over-Tildeon-Juniper Woodlands on Navajo 
Point, Glen Canyon National Recreation Area." Natural Areas Journal 28.1 (2008): 
26-36. Print. 
Hatten, Jeff, et al. "Role of Season and Interval of Prescribed Burning on Ponderosa Pine 
Growth in Relation to Soil Inorganic N and P and Moisture." Forest Ecology and 
Management 269 (2012): 106-15. Print.  
"Healthy Forests Restoration Act of 2003 (2003H.R. 1904)." GovTrack.us. N.p., n.d. 
Web. 14 Apr. 2014. 
Hood, Sharon M., Melanie Miller, and Rocky Mountain Research Station. Fire Ecology 
and Management of the Major Ecosystems of Southern Utah. GTR-202 Vol. Fort 
Collins, CO: U.S. Dept. of Agriculture, Forest Service, Rocky Mountain Research 
Station, 2007. Print. General Technical Report RMRS .  
Huffman, D. W., et al. "Understory Plant Community Responses to Hazardous Fuels 
Reduction Treatments in Pinyon-Juniper Woodlands of Arizona, USA." Forest 
Ecology and Management 289.0 (2013): 478-88. Print.  
Huffman, David W., et al. "A Comparison of Fire Hazard Mitigation Alternatives in 
pinyon–juniper Woodlands of Arizona." Forest Ecology & Management 257.2 
(2009): 628-35. Print.  
Ice, G.G., D.G. Neary, and PW Adams. "Effects of Wildfire on Soils and Watershed 
Processes." Journal of Forestry 102.6 (2004): 16-20. Print.  
Johnson, Brittany G., et al. "The Effects of Slash Pile Burning on Soil and Water 
Macronutrients." Soil Science 176.8 (2011): 413-25. Print.  
Johnson, Dale W., et al. "Effects of Thinning, Residue Mastication, and Prescribed Fire 
on Soil and Nutrient Budgets in a Sierra Nevada Mixed-Conifer Forest." Forest 
Science 60.1 (2014): 170-9. Print.  
22 
 
 
 
Kleinman, PJA, et al. "Interlaboratory Comparison of Soil Phosphorus Extracted by 
various Soil Test Methods." Communications in Soil Science and Plant Analysis 
32.15-16 (2001): 2325-45. Print.  
Klopatek, J.M., C.C. Klopatek, and L.F. DeBano. "Fire Effects on Nutrient Pools of 
Woodland Floor Materials and Soils in a Pinyon-Juniper Ecosystem." Fire and the 
Environment : Ecological and Cultural Perspectives: Proceedings of an 
International Symp 69 (1991): 154-9. Print.  
---. "Potential Variation of Nitrogen Transformations in Pinyon-Juniper Ecosystems 
Resulting from Burning." Biology and Fertility of Soils 10.1 (1990): 35-44. Print.  
Klopatek, JM. "Nitrogen Mineralization and Nitrification in Mineral Soils of Pinyon-
Juniper Ecosystems." Soil Science Society of America Journal 51.2 (1987): 453-7. 
Print.  
Lajtha, K. "The use of Ion-Exchange Resin Bags for Measuring Nutrient Availability in 
an Arid Ecosystem." Plant and Soil 105.1 (1988): 105-11. Print.  
Miller, Elisa M., and T. R. Seastedt. "Impacts of Woodchip Amendments and Soil 
Nutrient Availability on Understory Vegetation Establishment Following Thinning 
of a Ponderosa Pine Forest." Forest Ecology and Management 258.3 (2009): 263-72. 
Print.  
Miller, Richard F., and Rocky Mountain Research Station. Age Structure and Expansion 
of Piñon-Juniper Woodlands. RMRS-69 Vol. Fort Collins, CO: U.S. Dept. of 
Agriculture, Forest Service, Rocky Mountain Research Station, 2008. Print. 
Research Paper Report .  
Neary, DG, et al. "Fire Effects on Belowground Sustainability: A Review and Synthesis." 
Forest Ecology and Management 122.1-2 (1999): 51-71. Print.  
Overby, ST, WH Moir, and GT Robertson. Soil and Vegetation Changes in a Pinyon-
Juniper Area in Central Arizona After Prescribed Fire. Ft. Collins; Ft. Collins, CO 
80526 USA: US Dept Agr, Forest Service Rocky MT Forest & Range Exptl Stn 
2000. Print. USDA Forest Service Rocky Mountain Research Station Proceedings .  
Owen, Suzanne M., et al. "Above- and Belowground Responses to Tree Thinning 
Depend on the Treatment of Tree Debris." Forest Ecology and Management 259.1 
(2009): 71-80. Print.  
Rau, B. M., et al. "Prescribed Fire in a Great Basin Sagebrush Ecosystem: Dynamics of 
Soil Extractable Nitrogen and Phosphorus." Journal of Arid Environments 71.4 
(2007): 362-75. Print.  
23 
 
 
 
Rau, B. M., et al. "Soil Carbon and Nitrogen in a Great Basin Pinyon-Juniper Woodland: 
Influence of Vegetation, Burning, and Time." Journal of Arid Environments 73.4-5 
(2009): 472-9. Print.  
Rau, Benjamin M., et al. "Prescribed Fire, Soil, and Plants: Burn Effects and Interactions 
in the Central Great Basin." Rangeland Ecology & Management 61.2 (2008): 169-
81. Print.  
Ravi, Sujith, et al. "Post-Fire Resource Redistribution in Desert Grasslands: A Possible 
Negative Feedback on Land Degradation." Ecosystems 12.3 (2009): 434-44. Print.  
Redmond, Miranda D., et al. "Long-Term Effects of Chaining Treatments on Vegetation 
Structure in Pinon-Juniper Woodlands of the Colorado Plateau." Forest Ecology and 
Management 305 (2013): 120-8. Print. 
Rhoades, C. C., et al. "Short- and Medium-Term Effects of Fuel Reduction Mulch 
Treatments on Soil Nitrogen Availability in Colorado Conifer Forests." Forest 
Ecology and Management 276 (2012): 231-8. Print.  
Romme, William H., et al. "Historical and Modern Disturbance Regimes, Stand 
Structures, and Landscape Dynamics in Pinon-Juniper Vegetation of the Western 
United States." Rangeland Ecology & Management 62.3 (2009): 203-22. Print.  
Ross, M. R. "Effects of Fuels Reductions on Plant Communities and Soils in a Pinon-
Juniper Woodland." Journal of Arid Environments 79 (2012): 84-92. Print.  
Sankey, Joel B., et al. "Quantifying Soil Surface Change in Degraded Drylands: Shrub 
Encroachment and Effects of Fire and Vegetation Removal in a Desert Grassland." 
Journal of Geophysical Research-Biogeosciences 117 (2012): G02025. Print.  
Schmidt, Susanne, et al. "Effect of Woody Vegetation Clearing on Nutrient and Carbon 
Relations of Semi-Arid Dystrophic Savanna." Plant & Soil 331.1 (2010): 79-90. 
Print.  
Sherrod, SK. "Comparison of Methods for Nutrient Measurement in Calcareous Soils: 
Ion-Exchange Resin Bag, Capsule, Membrane, and Chemical Extractions." Soil 
Science 167.10 (2002): 666-79. Print.  
Skogley, EO, and A. Dobermann. "Synthetic Ion-Exchange Resins: Soil and 
Environmental Studies." Journal of environmental quality 25.1 (1996): 13-24. Print.  
Stoddard, Michael T., et al. "Effects of Slash on Herbaceous Communities in Pinyon-
Juniper Woodlands of Northern Arizona." Rangeland Ecology & Management 61.5 
(2008): 485-95. Print.  
24 
 
 
 
Stubbs, MM, and DA Pyke. "Available Nitrogen: A Time-Based Study of Manipulated 
Resource Islands." Plant and Soil 270.1-2 (2005): 123-33. Print.  
Web Soil Survey. United States Department of Agriculture, n.d. Web. 14 Apr. 2014. 
West, Neil E., et al. A Management-Oriented Classification of Pinyon-Juniper 
Woodlands of the Great Basin. GTR-12 Vol. Ogden, UT: Rocky Mountain Research 
Station, 1998. Print. General Technical Report RMRS .  
Young, Kert R., Bruce A. Roundy, and Dennis L. Eggett. "Tree Reduction and Debris 
from Mastication of Utah Juniper Alter the Soil Climate in Sagebrush Steppe." 
Forest Ecology and Management 310 (2013): 777-85. Print.  
Zarn, Mark, and United States. Ecological Characteristics of Pinyon-Juniper Woodlands 
on the Colorado Plateau :A Literature Survey. Denver, Colo.: Dept. of the Interior, 
Bureau of Land Management, Denver Service Center, 1979. Print. Technical Note 
T/N - Bureau of Land Management ; 310 .  
 
